During Plasmodium falciparum malaria, a wide spectrum of parasite-encoded blood-stage proteins is presented to the immune system of the host. To explore their multiple interactions with T cells from donors who have had no previous exposure to the parasite, whole schizont extract was used in vitro. Both CD4+ and CD8+ lymphocytes from all individuals tested were stimulated to proliferate. The responses were dependent on the presence of accessory cells and were only partially replaced by recombinant interleukin-1. Responses were inhibited by monoclonal antibodies to CD3, the a4-chain T-cell receptor, or CD4 molecules but not to CD2. P. falkiparum schizont extract-specific T-cell clones were generated and maintained by using sole stimulation by P. falciparum extract with autologous accessory cells or recombinant interleukin-2. Monoclonal antibodies to CD3 (or the aji-chain T-cell receptor) blocked cloned T-cell responses to the schizont extract, and although the responses of the majority of the CD4+ or CD8+ T-cell clones were restricted by autologous accessory cells and inhibited by monoclonal antibodies to either CD4 or CD8, other clones responded to P. falkiparum in the absence of accessory cells and were not regulated by the same monoclonal antibodies. The last category of clones consisted of autoreactive T cells. These data suggest that at the first contact with P. falciparum, requirements are met for significant T-cell stimulation.
The role of T-cell immunity in human and experimental malaria has been emphasized recently (39, 42) . Although plasmodial infection has been found to be associated with transiently depressed T-cell-dependent immune functions, the following T-cell-dependent responses are usually observed in malaria. (i) Antibodies to both the sporozoite and the erythrocytic stages are generated and can be protective, at least in rodents. (ii) Adoptive protection is obtained by transferring specific T lymphocytes. (iii) Consequences of T-cell stimulation such as cytokine and free-radical production have been shown to play a role in the immunopathology of the disease (6, 14) .
In this context, human T-cell interactions with Plasmodium falciparum blood stages have been investigated in vitro. Parasite sonic extracts or supernatants from parasite cultures lead the T lymphocytes in blood from patients with malaria to proliferate, suggesting antigen-specific recognition (2, 12, 35, 40, 41, 45) . Such preparations, however, also induce the proliferation of lymphocytes from nonimmune blood donors (1, 10, 34, 45) . Both asexual and sexual blood-stage, parasite-specific T-lymphocyte clones have been obtained from naive donors, i.e., donors who have not been previously exposed to the parasite (5, 13, 28, 32) , with frequencies similar to those of clones obtained from donors who have previously been exposed to malaria (5, 13) . Most T-cell clones from immunized or naive donors reported so far behave as major histocompatibility complex (MHC) class II-restricted clones, and this is consistent with antigen recognition. Nevertheless, it has not been completely explained whether the stimulation of naive T cells by the parasite is due to the presence of cross-reactive antigens, since interactions with mitogenlike parasite components * Corresponding author. cannot be excluded. Of particular interest is the fact that some fusion proteins corresponding to antigens which are being investigated as candidates for protective immunization also stimulate naive T lymphocytes (30, 33) . As expected, some consequences of in vitro T-cell stimulation such as cytokine production and T-cell-dependent B-cell stimulation have been observed with lymphocytes from both malariaunprimed and -primed individuals (24, 31, 37, 38) . Such findings require further explanation.
The aim of the present investigation was to define the types and the functional requirements of T cells from three healthy, naive donors (typed for A, B, C, and DR specificities) during the response in vitro to P. falciparum. We found that T-cell responses to the schizont stage in such donors involved lymphocytes of both the CD4+ and CD8+ phenotypes and may proceed in both an accessory cell-dependent and -independent manner. Its total protein concentration was, on average, 60.1 mg/ml.
MATERIALS AND METHODS
As a control, normal erythrocytes were used for the cultures and were treated in the same way.
T-cell lines and clones. PBLs were cultured at a concentration of 2 x 106/ml either in a 1-ml volume in 24-well tissue culture plates or in a 10-ml volume in plastic flasks in the presence of PFSE. T-cell lines and clones were prepared by using limiting dilutions as described previously (25) . T ( Fig. 2) . Lymphocytes from all naive donors tested so far have responded to some extent. An optimal schizont extract concentration (1:800, i.e., In of the dilution = 6.7) and 7-day cultures were used in the experiments described below.
( (Fig.  4) . With a more complete depletion of ACs obtained by two cycles of rosetting of cells with 2-amino hydrobromidetreated sheep erythrocytes, the proliferative response of T cells was reduced by 20 to 50%. The addition of rIL-la, rIL-1p, or both (10 to 20 IU/ml) to T cells that were depleted of ACs did not restore more than 10 to 20% of the initial response (data not shown). The role of accessory cells in providing an additional signal(s) is illustrated further by the complete inhibition by MAbs to CD3 of the response of AC-depleted T cells to PFSE (Fig. 4) .
(iv) Inhibition of polyclonal peripheral blood T-cell responses to PFSE by soluble MAb to CD3-TCR-ap, CD4, or CD8 molecules. In the continuous presence of anti-CD3 MAb, which was added at the initiation of cultures before PFSE was added, a marked decrease in the proliferative responses was observed when PBL, whole T cells, or CD4+ or CD8+ T cells were studied ( Fig. 3 and 4) . The addition of anti-TCR-ao MAb resulted in a similar pattern of inhibition (data not shown). In contrast, no effect of anti-CD2 was observed.
T-cell proliferative responses were blocked in the continuous presence of the anti-CD4 MAb, especially in purified CD4+ T cells (Fig. 3 and 4) . On the contrary, the effect of the anti-CD8 MAb was of little or no significance. As a control, preliminary experiments showed that the antigenspecific responses of T cells to the antigen candidin, but not J. CLIN. MICROBIOL. (ii) Assessment of T-cell clone responses in the presence of iaPBLs. It was verified that T-cell clones did not proliferate in the presence of extracts of human, parasite-free erythrocytes. The reactivities of T-cell clones to antigens from microorganisms that were different from Plasmodium species, to which the donors were sensitized (as indicated by the responses of their PBLs in culture), were also tested (Table  1) . No significant response was observed, with the possible exception of that of tuberculin purified protein derivative, which induced a weak response in several clones. All clones responded to PHA-P in the presence and marginally in the absence of ACs. When tested in the presence of iaPBL alone, a few clones were found to be able to proliferate and were considered autoreactive, i.e., they were able to respond in the presence of iaPBL only (see Table 3 ), and they were not used in the following experiments.
Proliferative responses of individual clones to PFSE were measured under identical conditions from one occasion to the other (from 2 to 12 times). The variance ofresponses was evaluated for each clone. One standard deviation averaged 7.23 ± 4.14% of the arithmetic mean.
MHC restriction was explored by using irradiated PBLs from 12 unrelated, DR-incompatible donors, as APCs (same concentration as iaPBL). In the 11 APC-dependent T-cell clones, proliferation induced by PFSE was observed only in the presence of autologous iaPBLs. In two clones, alloreactivity was detectable by the response of 2 of 12 unrelated donors to allogeneic cells.
(iii) CD3-TCR-api regulation of T-cell clone responses to PFSE. When T-cell clones were incubated in the presence of the anti-CD3 MAb, responses to PFSE were blocked (inhibition range, 70 to 100%, depending on the experiment). In clones CD4+ and CD8+, no modulation of CD3-TCR-a3 was observed by immunofluorescence when the clones were incubated for 1 to 3 h in the presence of PFSE. No effect of anti-CD2 MAb was observed (see results of a typical experiment in Table 2 ).
(iv) Accessory cell-independent T-cell clone responses to PFSE. Upon incubation in the presence of PFSE but in the absence of iaPBLs, a response was observed in four CD4+ and one CD8+ clone ( Table 3) . As expected, the response was enhanced by the addition of iaPBLs and was unmodified in the presence of irradiated allogeneic cells.
(v) Role of CD4 or CD8 molecules in T-cell clone responses to PFSE. In repeated experiments, T-cell clones were stimulated by PFSE in the presence of iaPBL and either anti-CD4 or anti-CD8 MAb (Table 3 ). In clones that were dependent on iaPBLs, inhibition was detected with antibody to the molecules that were present (and not to the molecules that were absent) on the cell membrane. In contrast, the subgroup of clones which responded to PFSE alone were not inhibited in the presence of anti-CD4 or anti-CD8 antibodies.
(vi) PFSE is not recognized by T-cell clones with unrelated antigen specificities or presented by allogeneic, HLA class II-defective cell lines. In the presence or absence of iaPBLs, two T-cell clones specific for tetanus toxoid and two alloreactive clones were not stimulated by PFSE. Epstein-Barr virus-transformed B-cell lines with defective HLA DR or HLA DQ expression did not present PFSE to iaPBLdependent PFSE-specific T-cell clones (data not shown).
DISCUSSION
The aim of the present investigation was to characterize the ways in which T cells from naive, nonimmune donors can be stimulated to proliferate in vitro in response to the P. (4, 9) . This hypothesis is unlikely, as PFSE did not stimulate T-cell clones with unrelated specificities.
In cultures, anti-CD4 or anti-CD8 MAbs inhibited responses to PFSE of AC-dependent clones which exhibited CD4 or CD8 molecules, respectively. This is consistent with the inhibition of the nominal antigen recognition or, alternatively, down regulation through CD4 or CD8 (3, 44) . In contrast, responses of several clones with the CD4 or the CD8 phenotype were found to be independent of the presence of APCs. None of them was inhibited by anti-CD4 or anti-CD8 MAb, results which suggest that the binding of these regulatory molecules to parts of MHC-encoded antigens is not crucial. Not surprisingly, these clones also responded in the presence of PFSE and autologous cells or allogeneic cells, which may explain why the requirement of such clones for the sole PFSE may be overlooked. Although it has been reported that a direct interaction of a multiple antigenic ligand to TCR in some clones may allow stable binding in the absence of MHC-encoded molecules (27) , a likely explanation of the independence of added APC is that T cells themselves serve as APCs. Alternatively, such clones may be stimulated through a non-antigen-mediated mechanism with little AC dependency. That T-cell clones with other specificities are not stimulated by PFSE makes this hypothesis less likely, although responses to a mitogen may be clonally variable (9) .
A last category of clones generated in response to PFSE consisted of autoreactive T cells. Their specificity for MHC, which was not explored here, is likely since such by-product clones have been reported, together with foreign antigenspecific and allospecific clones, during in vitro responses against foreign antigens (17, 36) . They could be restricted clones with a high avidity to self-MHC molecules or could be involved in regulation. For malarial antigens, their link with the various manifestations of autoreactivity reported in patients with acute malaria is worth questioning.
